Abstract Parental incarceration is associated with mental and physical health problems in children, yet little research directly tests mechanisms through which parental incarceration could imperil child health. We hypothesized that the incarceration of a woman or her romantic partner in the year before birth constituted an additional hardship for already-disadvantaged women, and that these additionally vulnerable women were less likely to engage in positive perinatal health behaviors important to infant and early childhood development. We analyzed 2006-2010 data from the Pregnancy Risk Assessment and Monitoring System to assess the association between incarceration in the year prior to the birth of a child and perinatal maternal hardships and behaviors. Women reporting incarceration of themselves or their partners in the year before birth of a child had .86 the odds (95 % CI .78-.95) of beginning prenatal care in the first trimester compared to women not reporting incarceration. They were nearly twice as likely to report partner abuse and were significantly more likely to rely on WIC and/or Medicaid for assistance during pregnancy. These associations persist after controlling for socioeconomic measures and other stressors, including homelessness and job loss. Incarceration of a woman or her partner in the year before birth is associated with higher odds of maternal hardship and poorer perinatal health behaviors. The unprecedented scale of incarceration in the US simultaneously presents an underutilized public health opportunity and constitutes a social determinant of health that may contribute to disparities in early childhood development.
Introduction
Concern is growing regarding the consequences of the unprecedentedly high levels of US incarceration for family and population health. Prisoners largely come from disadvantaged backgrounds and communities, but the experience of incarceration may independently contribute to poor health outcomes and health behaviors rather than merely being a marker for disadvantage missed by more traditional population health measures. In order to consider the potential implications of incarceration for the health and wellbeing of infants, we analyzed the association between incarceration in the year prior to the birth of a child and perinatal hardships and behaviors using 2006-2010 data from the Pregnancy Risk Assessment and Monitoring System (PRAMS). We hypothesized that women exposed to incarceration (their own or partners') in the year before birth were not only highly vulnerable but less likely to engage in perinatal health behaviors important to infant and early childhood development, even after accounting for coexisting adverse conditions.
Background
The US is experiencing what has been described as an epidemic of incarceration [1] [2] [3] . Nearly 12 million people pass through jail annually and another 700,000 are released from prison each year [4, 5] . Incarceration rates are partially a reflection of actual crime, but they also reflect inadequate availability of community-based mental health care [6] [7] [8] and drug treatment [9] . Social scientists, advocates and practitioners have also argued that the criminal justice system has evolved as an instrument of racialized social control [1, [10] [11] [12] [13] . Incarceration rates are also inflated by the increased use since the 1980s of incarceration for minor and non-violent infractions such as missing a parole meeting or a payment on legal debt [14] [15] [16] . Recidivism rates are high among people involved in the criminal justice system, with more than 40 % of those released returning to state prison within three years [17] . Thus for many, incarceration is not a one-time exposure but a cycle of ''churning'' between the community and correctional facilities.
People who pass through the criminal justice system have higher rates of unemployment, lower educational attainment, and worse health profiles than the general population [14, 18, 19] . Although long-term health consequences are difficult to track-in part because so few population health datasets include incarceration history or incarcerated populations [20] -incarceration has been linked to increased risk of hypertension, asthma, and depression [21] [22] [23] [24] , along with social determinants of health like unemployment and homelessness [19, 25, 26] . Evidence also suggests a strong association with the wellbeing of the prisoner's family, including his/her children, partners, siblings, and even parents [27, 28] . The incarceration of male relatives increases the risk of poor mental health for their mothers [27] and poor mental health, obesity, cardiovascular risk, self-reported health, and HIV risk for their wives or partners [29] [30] [31] [32] . The loss of family income is especially important [33, 34] , as over half of incarcerated fathers provided primary financial support for their families [35] ; even where that is not the case, they may have been providing valuable services in kind, especially childcare [35, 36] .
The removal of a parent may benefit children who are exposed to domestic violence, but the large number of people incarcerated for nonviolent offenses creates a net negative effect of parental incarceration [33, 34, [36] [37] [38] [39] [40] . Because far more black than white children are at risk of parental incarceration, this experience may be one mechanism for ongoing racial disparities in childhood development and wellbeing, even if the individual-level effects of incarceration on blacks are no larger than the individuallevel effects on whites [38, 41, 42] . Parental incarceration is a marker of environmental risks like parental drug abuse [40] , but is also a distinctive form of parental absence that has effects on child wellbeing separate from the behaviors that brought the parent to the attention of the criminal justice system. It may thus constitute a traumatic stressor beyond a distinct life event, beginning with the arrest itself if conducted in front of children [34, 35, 43] .
The mechanisms at work appear to differ depending on whether a mother or father is incarcerated, however. Although the incarceration rate has grown more rapidly for women than for men in recent years, the vast majority of inmates are still male [4, 5] , and 51-63 % of men in state or federal prison have children [44] . Studies identifying maternal or paternal incarceration, rather than parental incarceration in general, have found that while maternal incarceration is associated with children's depressive symptoms [39] , overall associations are inconclusive or null [45] . By contrast, paternal incarceration is associated with a broader range of mental and physical health problems, including higher risk of abuse, homelessness, and drug use [39, 40, 46] ; increased aggressive, externalizing, and internalizing behaviors [37, 47] ; increased risk of obesity among daughters [48] ; and more deleterious health outcomes overall [40] .
Because incarceration is especially prevalent among adults of childbearing age [14] , it may also exert an important effect on both birth outcomes and early childhood development via reproductive and perinatal health behaviors (in addition to general maternal wellbeing during pregnancy). No research to date has linked parental incarceration to specific health behaviors directly affecting infant and early childhood development. Previous studies of PRAMS data addressing incarceration either clustered it with other life events in the year before delivery, or analyzed it without controlling for other important stressors [49] [50] [51] , but they help to identify the pathways through which incarceration of the mother or her partner may influence pregnancy (e.g., through compromising available financial resources or increasing stress, both of which can adversely affect perinatal health) [51, 52] . Examining specific perinatal health behaviors may provide further understanding of those pathways. We examined the association between exposure to incarceration in the year prior to delivery and both maternal disadvantage and perinatal health behaviors.
Methods
The Centers for Disease Control and Prevention (CDC) coordinates with state Departments of Health to conduct an annual survey of women who have delivered infants. Currently 40 states and New York City participate, reflecting 78 % of US births (three states do not make their data available to the public) [53] . Participating states conduct stratified, systematic sampling of women who are both residents of that state and delivered a live-born infant in that state, identified from birth certificates. Selected women are mailed a questionnaire two to six months following delivery, and nonresponders are contacted by telephone after three mailings. West Virginia and Washington excluded currently incarcerated women from their sample, but no other states reported doing so. PRAMS reports a 70 % response rate threshold through 2006 and a 65 % response rate threshold starting in 2007. We pooled all publicly-available data from 2006 to 2010 to create a larger sample size (200,226). The time period was chosen as not only the most recent years for which publicly-release data were available, but a period over which incarceration rates stabilized after several decades of rapid growth.
The explanatory variable was incarceration in the year before delivery, as measured by ''My husband or partner or I went to jail.'' We created two sets of outcome variables. Disadvantage was measured by (1) receipt of WIC during pregnancy; (2) payment for prenatal care or delivery by Medicaid; (3) whether the mother graduated from high school; (4) coexistence of other stressors; and (5) partner abuse before or during pregnancy. Perinatal health behaviors consisted of: (1) whether the respondent was trying to get pregnant at the time of conception; (2) whether the respondent was using any form of birth control at the time of conception if the pregnancy was unintended; (3) access to prenatal care in the first trimester; (4) whether the respondent had fewer than nine prenatal care visits over the course of the pregnancy; and (5) whether the infant had ever been breastfed.
Control variables for most outcomes were race/ethnicity (non-Hispanic black, non-Hispanic white, Hispanic, all non-Hispanic others); age (17-19 years, 20-24, 25-29, 30-34 , and 35 or older); educational level (8th grade or less completed; 9th-11th grade; high school degree; some college; BA or above); marital status (married vs. all other); and other stressors experienced in the year prior to delivery (see Fig. 1 ). Other models have collapsed these variables into four categories of emotional, financial, partner-related, and traumatic stressors [49, 50] but we elected to include each stressor individually for greater precision. We tested and rejected models that added income and self-reported reception of WIC in the year before birth as measures of socioeconomic status, since results, including both covariates and measures of model fit, were virtually identical to models employing education but with a greater number of missing responses. Similarly we tested but rejected models that included dummy variables for state and year since they were virtually identical to the more parsimonious models and resulted in losing many additional degrees of freedom.
Because Vermont did not release race/ethnicity variables, we dropped it from the dataset (n = 5,542). We then excluded 10,160 observations with invalid or missing data for the incarceration variable (n = 2,737) or any of the covariates, leaving a final sample of 184,424. The set of excluded observations were tested and found to be different from the final sample, but constituted only 4.7 % of the population represented by the survey. Relative risk ratios were calculated for all outcomes using the binomial distribution with a log link in Stata 11 SE and using survey weights and strata information as provided by the CDC to account for complex sampling methodology. The study did not require IRB review as it utilized secondary data publicly available from the CDC.
Results
Women who reported incarceration of themselves or their partners in the year prior to delivery were younger than other women (62.6 vs. 31.8 % under 25 years old; Table 1 ). They also had lower educational attainment, lower income, and were less likely to be married (20.1 vs. 63.9 %). They were more likely to experience other stressors during the same period and to have a greater number of stressors: Fully 25 % of women reporting incarceration had six or more additional stressors, compared to only 2.8 % of women reporting no incarceration.
A higher percentage of women reporting incarceration also reported an unintended pregnancy, receipt of WIC during pregnancy, and payment of prenatal care and/or delivery by Medicaid (Table 2) . Women reporting incarceration also reported lower usage rates of birth control at both time of conception and time of response; lower rates of initiating prenatal care in the first trimester (65.6 compared to 81.0 % of women not reporting incarceration); and lower rates of any breastfeeding (64.4 vs. 79.1 %). They also experienced significantly higher rates of partner abuse both before (21.4 vs. 2.7 %) and during (17.0 vs. 2.1 %) pregnancy.
To isolate the association of incarceration relative to the other stressors, Table 3 presents two models. A comparison of Model 1 and Model 2 shows that only some of the association is due to other stressors; even after controlling for these stressors, all but one outcome remains significant in Model 2. Women reporting incarceration were not more likely to have unintended pregnancies than other respondents, but they were less likely to use birth control if the pregnancy was unintentional [Relative risk ratio (RRR) .70, 95 % CI .68-.77], begin prenatal care in the first trimester (RRR .89, 95 % CI .81-.98), or have breastfed since delivery. They were more likely to have had fewer than nine prenatal visits, experience partner abuse before and during pregnancy, and receive WIC and/or Medicaid during their pregnancy and delivery. They were also more likely to experience most of the other stressors (Table 4) .
Discussion
Incarceration of a mother or her partner in the 12 months prior to delivery is associated with increased risk of maternal hardship and behaviors in turn associated with problems in early childhood development. Without claiming to provide evidence of a causal relationship, this finding suggests that incarceration is an important framework for public health interventions. At the same time, our findings add weight to growing evidence that the unprecedented scale of incarceration in the US constitutes a social determinant of health in and of itself that may be contributing to disparities in early childhood development. These findings indicate that incarceration operates as a stratifying institution not only generally [54, 55] but at the perinatal stage more specifically.
Studies of the relatively small number of births during incarceration have yielded contradictory conclusions about whether incarceration during pregnancy improves birth outcomes [56] [57] [58] . Women who are incarcerated have high rates of substance dependence, STIs, and other health problems that can complicate neonatal health [59] [60] [61] [62] . For this population, incarceration may constitute a period of relative stability and improved access to prenatal care that can improve birth outcomes [56, 63, 64] , although one study found improvement only among white women [64] . Although the dataset does not allow identification of whether the mother herself or her partner was incarcerated, it is safe to assume that in the vast majority of cases women are reporting on their husband/partner's incarceration rather than their own. The number of incarcerated women in the US increased steadily from 2000 to 2010 [65] but men still constitute about 90 % of all inmates. Our results supplement previous findings that men's incarceration has adverse consequences for not only their children's wellbeing as described above, but the wellbeing and health behaviors of their female partners as well [28, 29, 32, 66] . Thus, even male incarceration may present a public health opportunity to target interventions aimed at maternal disadvantage and perinatal behaviors that influence infant and early childhood development. At the same time, the possibility of a causal relationship between incarceration and maternal disadvantage means that it will be critical for policymakers to support alternatives to incarceration (e.g., for offenses like nonpayment of fines) to reduce these disparities in perinatal disadvantage and associated risk of poor health behaviors. We point to three of our findings in particular as bases for more specific recommendations.
First, women reporting incarceration in the year before delivering are at increased risk for multiple measures of disadvantage. They are at higher risk of most other stressors in the PRAMS data and are also more likely to be unmarried, without a high school degree, and subject to partner abuse before and during pregnancy. Women reporting incarceration are also 20-33 % more likely to need public assistance in the form of WIC and Medicaid than other women. Adding this need to the already-massive price tag of incarceration might be influential with policymakers who are already increasingly concerned with the prominence of correctional expenses in state/local budgets 1. A close family member was very sick and had to go into the hospital 2. I got separated or divorced from my husband or partner 3. I moved to a new address 4. I was homeless 5. My husband or partner lost his job 6. I lost my job even though I wanted to go on working 7. I argued with my husband or partner more than usual 8. My husband or partner said he didn't want me to be pregnant 9. I had a lot of bills I couldn't pay 10. I was in a physical fight 11. My husband or partner or I went to jail 12. Someone very close to me had a problem with drinking or drugs 13. Someone very close to me died Fig. 1 Stressors during the 12 months before baby was born and prompt them to invest in alternatives to incarceration such as drug courts.
Second, while many perinatal health behaviors were associated with incarceration, reproductive intentionality was a noteworthy exception. Likewise, the only stressor for which women reporting incarceration had lower odds was whether the partner did not want the pregnancy (Table 4) . However, this finding may reflect a greater lack of engagement on the part of women's partners rather than greater enthusiasm for the pregnancy, and among women who were not trying to get pregnant, women experiencing incarceration were less likely to be using birth control. Although we cannot know the relative timing of incarceration and conception for these respondents, family planning interventions targeting not only female but also male inmates may be effective preparation for post-release sex and reproductive intentionality. Correctional facilities present an especially important opportunity given high rates of recidivism, meaning that incarceration is not a onetime exposure for many couples. Clarke et al. [67] found that 45 % of women who conceived between incarceration episodes did so within 90 days of release, indicating the need for interventions prior to release. Finally, our findings point to specific populations in need of targeted interventions regarding timely and adequate prenatal care and breastfeeding, both of which are critical to infant and early childhood development. Women reporting incarceration were not less likely to say that healthcare workers spoke to them about these and other perinatal health behaviors (data not shown), but our data suggest that incarceration history marks a high-risk population that may benefit from intensified attention by healthcare workers to improve their rates of prenatal care and breastfeeding. Outreach to incarcerated husbands/partners is unlikely to be efficacious in this case, but public health departments could work with correctional facilities to target visiting hours as a means of disseminating information about prenatal care and other perinatal health behaviors. Despite the stigma a Asked of respondents who were not trying to get pregnant at time of conception associated with incarceration [34, 68] health care providers might also use it as an indicator of patients at additional risk for disadvantage and need. The study is subject to several limitations. Most importantly, we were unable to isolate the extent to which the association between incarceration, maternal hardship, and perinatal health behaviors was due to the mother's own incarceration versus her partner's. Given the high rate of cooccurrence between drug use, incarceration, and the outcomes of interest, a serious limitation is that we are unable to control for maternal drug use, which PRAMS does not ask about. In a similar vein, since our analysis relies on cross-sectional data, we are unable to make strong claims about whether incarceration causes the poor outcomes of these women and, presumably, their children, or is merely associated with it. We were also unable to determine whether the length of the incarceration episode or how long ago it occurred is significant. It is also possible that some respondents took the wording of the question (whether either parent ''went to jail'') literally, and did not include incarceration in prison, thereby underestimating the true burden of incarceration.
Conclusion
The mechanisms linking parental incarceration to child wellbeing have become somewhat more transparent, but research to date has not linked parental incarceration to specific parental health behaviors known to directly affect child health. We show that incarceration of a woman or her partner in the year before birth is associated with higher odds of maternal hardship and perinatal health behaviors associated with poorer infant and early childhood development. This association persists after controlling for socioeconomic measures and other stressors, including homelessness and job loss. Although interest is growing in the US to find alternatives to incarceration for nonviolent and minor offenses, for the foreseeable future correctional facilities provide a repeated opportunity to interrupt cycles of disadvantage and adverse health behaviors affecting infant and childhood wellbeing. Involvement of either the woman or her partner in the criminal justice system can be utilized by public health practitioners as a focus for targeting interventions to high-risk populations.
